Abstract. Coulomb breakup strengths of 11 Li are studied in the complex scaling method. The dipole resonances are not found, and the strength from the continuum states well explains the RIKEN's data. We also investigate the tensor correlation in 6 He with the extended three-body model, in which the tensor suppression is seen in the 0 + 2 resonant state.
INTRODUCTION
In this report, we investigate the structures of halo nuclei in the continuum energy region in two topics. One is the three-body Coulomb breakup reaction of 11 Li. This is important to investigate the characteristic excitation mode of halo nuclei such as the soft dipole resonance. Another is the tensor correlation in 6 He where we use the extended threebody model. In both topics, the complex scaling method is used to describe the threebody unbound states with high reliability. 11 Li is known as a typical halo nuclei and the understanding of its structure is very important to get the fundamental knowledge of neutron-rich nuclei. Measurements of the Coulomb breakup strength of 11 Li have been performed by three groups at MSU [1] , RIKEN [2] and GSI [3] , but the shapes of distributions do not coincide with each other and it is necessary to clarify the breakup mechanism of 11 Li.
COULOMB BREAKUP REACTION OF HALO NUCLEI
For this purpose, we employ the complex scaling method (CSM) [4] to find three-body resonances and also to calculate the continuum responses in the breakup reaction [5, 6] . We describe 11 Li with an extended 9 Li+n+n three-body model with the same Hamiltonian as Ref. [6] . The wave function of 11 Li is given as
where χ j i (nn) is the wave function of valence neutrons with spin j. We introduce the neutron pairing correlation in 9 Li by employing
for p-shell neutrons, which is important to reproduce the inversion phenomena in 10,11 Li, P-1 P-2 P-3 MSU FIGURE 1. Dipole strengths and cross sections of 11 Li in comparison to the experimental data;(a) [1] , (b) [2] and (c) [3] .
and solve a coupled-channel 9 Li+n+n three-body problem. We prepare three types of the 11 Li wave functions ; P-1, P-2 and P-3, having different (1s 1/2 ) 2 probabilities in the ground state, which are 21.0%, 29.4% and 38.8%, respectively. We calculate the unbound states of 11 Li applying CSM, where the relative coordinates ξ between 9 Li and the two neutrons, and the momenta corresponding to the asymptotic channel α of 9 Li+n+n and 10 Li ( * ) +n system are transformed as ξ → ξ e iθ and k α → k α e −iθ , respectively. 2θ is a rotation angle of the cuts in the Riemann sheets of complex energies. E1 strength function is expressed with the Green's function. Ψ i (ξ ) is the initial wave function of 11 Li and we apply CSM to the strength function.
where G θ (E, ξ , ξ ) is the complex-scaled Green's function. E θ ν and Ψ θ ν (ξ ) ( Ψ θ ν (ξ )) are the energy eigenvalues and eigenfunctions (bi-orthogonal eigenfunctions [5, 6] ) of the complex-scaled Hamiltonian H(θ ), respectively.
In the results, we cannot find any resonances with a sharp width at least (Γ/2E r < tan −1 2θ ). We show the strength functions in Fig. 1 , The strengths show the low energy enhancement whose height is sensitive to the (1s 1/2 ) 2 probability, which is interpreted as a threshold effect coming from the continuum states and reflects the halo structure of 11 Li. We can see a good agreement with the data of RIKEN for the P-2 wave function.
TENSOR CORRELATION IN HALO NUCLEI
The tensor force is an important component in nuclear force. In this section, we investigate the role of the tensor force in a halo nucleus 6 He. In most calculations of halo nuclei, an inert core+n(+n) model is often used, such as the (0s) 4 description of 4 He core in 6 He. But, this model cannot incorporate the tensor force and its effect have not been realized yet in the halo nuclei.
We examine what kind of correlation the tensor force (tensor correlation) produces. The tensor force tends to change the parity of the nucleon single particle orbit due to the operator of (σ · r). This is originated from the pion (pseudoscalar meson) because the tensor force mostly comes from the one-pion-exchange potential. Then, in 4 He, we consider that the 0s and 0p orbits can be coupled by the tensor force and extend the description of 4 He to (0s) 4 + (0s) 2 (0p) 2 , where we use the harmonic oscillator wave function and take the length parameter of the 0s and 0p orbits (b(0s) and b(0p)) freely and determine them variationally. For effective NN force, we use Akaishi force [7] constructed from the G-matrix theory using AV8' force, and consists of the central, tensor, and LS parts. We furthermore tune the central part to fit the binding energy (28.3 MeV) and matter radius (1.48 fm) of 4 He. In the obtained 4 He wave function, the values of b(0s) and b(0p) are 1.39 fm and 0.79 fm, respectively, which means that the 0p orbit is narrow due to the higher shell effect from the tensor force. The probability of the dissolution from the (0s 1/2 ) 4 is 12.5 %. The (0s 1/2 ) 2 (0p 1/2 ) 2 component has the largest probability 9.0 % ,which represents the strong 0 − coupling of the 0s 1/2 and 0p 1/2 orbits reflecting the pion nature. The expectation value of the tensor force is −29.9 MeV.
Next, we analyze the p-wave resonances of 5 He in the coupled channel model of 4 He+n. Due to the large mixing of 0p 1/2 component from the tensor correlation in 4 He, the Pauli blocking strongly occurs in the 1/2 − state in 5 He. To show this, a single Gaussian potential is used for 4 He-n without LS part. The results of the phase shifts are shown in Fig. 2 in which the tensor correlation produces the half amount of the observed splitting. We also show the preliminary spectrum of 6 He with three-body calculation in Fig. 2 . The 0 + 2 states is strongly affected by the tensor correlation, in which two valence neutrons occupy the 0p 1/2 orbit and suppress the tensor correlation in 4 He core. 
